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Chapter 1

INTRODUCTION

JOVIAL (J73) is a higher-order programming language. It is being
implemented on many computer systems and used in many
applications areas. Typical applications areas are avionics,
command and control, and missile flight control.

Sufficient capability has been provided to permit programming of
most command and control applications in JOVIAL (J73). It is
intended that assembly language programs be combined with
programs written in JOVIAL (J73) to form a total application
software package. The assembly language programs can provide
certain utility operations as well as all hardware-dependent
activities such as input, output, and interrupt services.

The language independently processes procedures and functions of
the units of an application. Standard subroutine linkage and
argument transmission with a powerful compool file can be used to
effectively modularize programs and control interfaces.

Permissable data structures are simple items, structured tables
of simple items, and composite data blocks containing simple
items and tables.

Types of data In data structures can be signed or unsigned
integers; enumeration values, floating point numbers, fixed point
(fractional) numbers, character strings, bits strings (logical),
and pointers (address of data objects).

A full complement of language constructs permits looping,
branching, conditional execution, procedure or function calls,
and assignment of values to data elements.

(,



1.1 THE PRINCIPAL FEATURSES OF JOVIAL

The following paragraphs provide an introduction to the principal
features of JOVIAL. They discuss values, storage, calculations,
operators, built-in functions, flow of control, subroutines,
programs, compiler directives, compiler macros, and, finally, the
advanced features of the language.

1.1.1 Values

The kinds of values provided by JOVIAL reflect the applications
of the language; they are oriented toward engineering and control
programming rather than, for example, commercial and business
programming. The JOVIAL values are:

1. Integer values, which are signed or unsigned whole
numbers. They are used for counting. For example, an
integer can be used to count the number of times a loop
is repeated or the number of checks performed on a
process.

2. Floating values, which are numbers with "floating" scale
factors. They are used for physical quantities,
especially when the range of measurement cannot be
accurately predicted. For example, floating values are
frequently used to represent distance, speed,
temperature, time, and so on.

3. Fixed values, which are numbers with constant scale
factors. They are sometimes used for physical
quantities (primarily to save time and/or storage) when
the range of the value is narrow and predictable. For
example, fixed values might be used in a computation
that had to run on a computer for which floating-point
hardware was not available or was too slow.

4. Bit-string values, which are sequences of binary digits
(bits). They are used for communication with "on-off"
devices or to control parts of the program itself. For
example, a bit-string could be used to represent
settings of switches on a control console.

5. Character-string values, which are sequences of
characters. They are used for communication with people.
For example, a character-string could be sent to an
operator terminal to report failure of a portion of the
system.

1: Introduction - 2 -



6. Status values, which are special words. They are used
to descrlbe the status of the system, or a particular
part of the system, at any given time. For example,
status values of "V(OK)", "V(WEAF)", or "V(BAD)" can be
used to indicate the condition of a power cell.

7. Pointer vaiues, which are data addresses, meaningful
only within the program. They are used to locate data
indirectly. For example, a list of items can use
pointers to connect each item to the next item in the
list.

8. Table values, which are collections of values gathered
together to form a single data object. They are used
for the constructs called "arrays" and "structures" in
other languages. For example, a table can be used to
store temperature readings taken every 10 seconds during
a given test period.

9. Block values, which are collections of values gathered
into one region of memory. They are used to support
memory management. For example, certain data that must
be paged in and out of memory together can be placed in
a block.

1.1.2 Storage

When a JOVIAL program is executed, each value it operates on is
stored in an item. The item has a name, which is declared and
then used in the program when the val-ue of the item is fetched or
modified.

An item is declared by a JOVIAL statement called a declaration
statement. The declaration provides the compiler with the
information it needs to allocate and access the storage for the
item. Here is a statement that declares an integer item:

ITEM COUNT U 101

This declaration says that the value of COUNT is an integer that
is stored wiLhout a sign in ten or more bits. The notation is
compact: "U" means it is an unsigned integer, "10" means it
requires at least 10 bits. We say "at least" ten bits because
the JOVIAL compiler may allocate more than ten bits. (That
alloction wastes a little data space, but can result in faster,
more compact code.)
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JOVIAL does not require that you give the number of bits in the
declaration of an integer item. If you omit it, JOVIAL supplies
a default value that depends on which implementation of JOVIAL
you are using. An example is:,

ITEM TIME S;

This statement declares TIME to be the name of an integer
variable item that is signed and has the default number of bits.
On one implementation of JOVIAL, this would be equivalent to the
declaration:

ITEM TIME S 15;

The item TIME occupies 16 bits (including the sign). On another
implementation, it would be equivalent tot

ITEM TIME S 31;

This and other defaults are defined in the user's manual for the
impl-imentation of JOVIAL you are using.

In this brief introduction, we cannot consider each kind of item
in detail (as we just did for integer items). Instead, a list of
examples follow, one declaration for each kind of value.

ITEM SIGNAL S 21 A signed integer item, which occupies
at least threebit-s and accomodates
values from -3 to +3.

ITEM SPEED F 30; A floating item, whose value is stored
as a variable coefficient (mantissa) >i
and variable scale factor (exponent).
The "30" specifies thirty bits for the
mantissa and thus determines the
accuracy of the value. The number of
bits in the exponent is specified by
the implementation, not the program.
It is always sufficient to accommodate
a wide range of numbers.

ITEM ANGLE A 2,13; A fixed item, whose value is stored
wiE'?xie- caling, namely two bits to
the left of the binary point and
thirteen fractional bits. Thus it
accomodates a value in the range -4 <
value < +4 to a precision of
1/(2**14).
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ITEM CONTROLS B 10; A bit-string item, whose value is a
sequence of ten--its. Thus it can
accommodate, for example, the settings
of ten on/off console switches.

ITEM MESSAGE C 80; A character-string item, whose value
is a sequence of eighty characters.
Thus it can accommodate, for example,
the message "WARNING: Cooling system
failure" (with plenty of character
positions left over).

ITEM INDICATOR STATUS (V(RED),V(YELLOW) ,V(GREEN));
A status item, whose value can be
thought of as "V(RED)", "V(YELLOW)",
or "V(GREEN)" but which is, in fact,
compactly stored as an integer. Thus
a programmer can assign "V(RED)" to a
variable to indicate cooling system
failure instead of using a (presumably
non-mnemonic) integer.

{ ITEM HEAD P DATA: A pointer item, whose value is the
address of a data object of type DATA.

Items are just the scalar (single-value) data of JOVIAL. JOVIAL
also has tables and blocks, which provide for arrays and other
data structures.

An example of a table declaration is:

TABLE GRID (1:10, 1:10);
BrGIN
ITEM XCOORD U;
ITEM YCOORD U;
END

The table GRID has two dimensions. Each dimension contains ten
entries. Each entry consists of two items, XCOORD and YCOORD.

An example of a block declaration is:

BLOCK GROUP;
BEGIN
ITEM FLAG B;
TABLE DATA(100)i

f ITEM POINT U;
END

The block GROUP contains the item FLAG and the table DATA.
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Items, tables, and blocks can also be declared using type-names.
A type-name is defined in a type declaration. An example of a
type declaration is:

TYPE COUNTER U 10;

The type-name COUNTER can be used to declare ten-bit integers.
For example:

ITEM CLOCK COUNTER;

1. 1 .3 Calculations

In the simplest case, calculation is performed by an assignment
statement. An example is:

AVERAGE - (Xl + X2)/2;

The right-hand-side of this assignment is a formula; it forms the
sum of Xl and X2 and divides it by 2. The details of the
operation depend on how Xl and X2 are declared. If Xl and X2 are
declared float, the calculation is very likely to produce the
expected result. In contrast, if the Xl and X2 are declared
fixed, the scaling must be worked out by the programmer to make
sure the calculation will succeed. And if Xl and X2 are declared
character-string, the compiler will reject it because JOVIAL does
not automatically convert values into the types required by
operators.

In the example just given, the parentheses show that the addition
is performed before the division. When parentheses are not
given, JOVIAL recognizes the usual order of evaluation. Here is
an example:

POLY - BETA*Xl**2 - GAMMA*X2 + DELTAI

JOVIAL applies its "rules of precedence" to the formula in this
assignment and thus interprets it as,

POLY - (((BETA*(Xl*'2)) - (GAMMA*X2)) + DELTA);.

The complete precedence rules are given in Chapter 11.
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The examples just given i?.lustrate the use of formulas on the
right-hand side of an assignment statement. A formula can also
appear at part of the left-hand side of an assignment statement;
for example, as the subscript of an array. In addition to their
important role in assignment statements, formulas can appear in
many other places in the language: as actual parameters of
functions and procedures, as the condition in an if-statement,
and so on.

Since JOVIAL has quite a few kinds of values, it must have many
ways of converting one kind of value into another kind. In most
cases, you must explicitly indicate the conversion. An example
is.

ITEM MARK U l0;
ITEM TIME F;

MARK * (* U 10 *) (TIME):

The value of the floating item TIME is converted to a ten-bit
integer value before it is assigned to the ten-bit integer item
MARK. If you leave the conversion operator out of this
assignment, the compiler will report an error. The compiler
catches situations in which one type of value is unintentionally
assigned to or combined with a different type of variable.

1.1.4 Operators

The operations provided in JOVIAL reflect the applications of the
language: they determine what the lauguago can and cannot do.
Thus JOVIAL is strong in numerical calculation and control logic,but has minimal operations for text processing.

JOVIAL does not have any operations for input-output or file
maintenance because it is assumed that a JOVIAL program runs in a
relatively specialized environment that provides subroutines for
those operations.

Some of the operations of JOVIAL are represented by operators,
others by built-in functions.

(J

- 7 - I: £nt. eduction

Or;

"- - • • '. "--,-.....-"----'" '"'' & '• • •,,• • • • ' I ••



The JOVIAL operators are sunmmarized in the following table:

Type Operators Operation

Arithmetic + - prefix signs V
** exponentiate
* / MOD multiply, divide, and modulus
+ - infix add and subtract

Relational < > - less than, greater than, equal
<ft >= <less than or equal,

greater or equal, not equal

Logical NOT (prefix) "not"
AND OR "and", "or"
XOR EQV "exclusive or", "equivalent"

An arithmetic operator takes integer, float, or fixed value. as
its operands and produces an integer, float, fixed value as its
resuilt. Type classes cannot be mixed. For example, a fixed
value cannot be added to a float value unless one is explicitly
converted to the type of the other.

A relational operator compares any two values of the same type
and produces a Boolean value as its result. A logical operator
takes bit-string values and also produces a Boolean result. (A
Boolean value is a one-bit bit-string, representing "true" or
"false", depending on whether it is one or zero.)

The JOVIAL operators are described in detail in Chapter 11,
where, for example, you will find the rules for operations on
fixed values and for the comparison of such objects as
character-strings and pointers.
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1.1.5 Built-In Functions

The JOVIAL built-in functions provide advanced, specialized
operations that are not covered by the JOVIAL operators. They
are summarized in the following table:

Function Result

LOC(r) A pointer to the object referenced by r

NEXT(p,i) A pointer to the i'th data object after
the one selected by p

NEXT(s,i) The i'th status value after status value a

BIT(b,i,n) A string of n bits starting at the i'th bit
of the bit string b

BYTE(c,i,n) A string of n characters starting at the i'th
character of the character string c

SHIPTL(b,n) Bit string b shifted left by n bits
SHIFTR(b,n) Bit string b shifted right by n bits

ABS(x) Absolute value of x
SGN(x) +1, 0, or -1 for x>O, x-0, xO

BITSIZE(x) Logical size of x in bits
BYTESIZE(x) Logical size of x in bytes
WORDSIZE(x) Logical size of x in words

LBOUND(td) Lower bound of d'th dimension of the table t
UBOUND(t,d) Upper bound of d'th dimension of the table t

NWSDEN(t) Number of bytes allocated to each entry of
the table t

FIRST(s) First status value in status list for s
LAST(s) Last status value in status list for a

An example of the use of a built-in function is:

C - BYTE("ABCDEF"1 ,2,3);

The built-in function extracts "BCD" from the string "ABCDEF".

(
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Two of the built-in functions, BIT and BYTE, can be used as
psdariables. In that form, they appear as the target of an
assignmen , a"ndare interpreted "backwards". An example is:

C - "ABCDEF";
BYTE(C,2,3) - "XYZ

This assignment changes the second, third, and fourth characters
of C to "XYZ". The value of C after the asuigment is therefore
"AXYZEF".

1.1.6 Flow of Control

For structured flow of control, JOVIAL has an if-statement, a
case-statement, and a loop-statement with an optional exit-
statement. Examples of these statements follow.

Here is an example of an if-statement:

IF SPEED < LIMIT:
FLAG - TRUE;

ELSE
BEGIN
FLAG - FALSE;
VIOLATION - VIOLATION+l;
END

If SPEED is less than LIMIT, this statement sets FLAG to TRUE and
does nothing else. If SPEED is not less than LIMIT, the
statement sets FLAG to FALSE and increments VIOLATION. The last
four lines of the example are a compound statement; the BEGIN-END
pair groups the assignments to FLAG and VIOLATION into a single
compound statement controlled by the ELSE clause.

The ELSE clause of an if-statement is optional: when it is
omitted, no action is taken when the condition is false.
Furthermore, if-statements can be nested, so complicted control
structures can be built up. When if-statements get large and
complicated, however, you can sometimes use a case-statement to
clear things up.
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Here is an example of a case-statement:

CASE NUM;
BEGIN
(DEFAULT)t TYPE-V(OUT'OF'RANGE)• (I, 3,5,7,1ii, 13, 17,1q) : TYPE-V(PRIME) i

(2,4,6,8!0,12,l4.16,18,20): TYPE-V(NONPRIME)i
END

This case statement sets TYPE to one of three status valueR,
dp.pending on the value of the integer item NUM. If NUM is
ottside of the range from 1 to 20, the status value is
"V(OUT'OF'RANGE)". If NUM is in the range and is prime, the
status value is "V(PRIME)". If NUM is in the range but not
prime, the status value is "V(NONPRIME)". Each time the
statement is executed, the value of NUM is compared to the list
of values in parentheses. If it matches one of them, then the
statement on that line is executed. The notation "8:l0" means"8,9, 10.

The case-selector (NUM in the example just given) can be an
. integer, bit, character, or status formula. It is not unusual for

a routine to be dominated by a single case-statement, and case-
statements are often nested within larger case-statements.

Loop-statements are used to repeat a sequence of statements.
Here is an example of a loop-statement.

FOR 1:0 BY 1 WHILE I<10001
BEGIN
VAL - INPUTI
IF VAL < 0;

EXIT;
GIVEN(I) - VALi
END

This statement uses the function INPUT to get an input value and
assigns that value to VAL. It assigns input values to GIVEN(l),
GIVEN(2), GIVEN(3), and so on until either GIVEN(999) has been
assigned or a negative input is encountered. The examples uses
an EXIT statement, which causes immediate exit from the enclosing
loop.
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JOVIAL alr" has a form of loop that has just the WHILE clause; it
can be used when the loop does not require an index. Many
calculations can be written as a while loop (which keeps going
until some end condition is met) that encloses a case-statement
(which selects the proper action for each time through the loop).

JOVIAL has GO TO statements and optional statement labels to go
with them. Many programmers avoid using GO TO statements and
labels, in accordance with current programming style7 but they
are there when needed.

Finally, JOVIAL has a STOP statement. Its meaning depends on the
particular implementation; but its purpose is to provide a
controlled return to the program environment.

1. 1.7 Subroutines

A JOVIAL program is a collection of subroutines that are grouped
together in a way described later in this introduction. Ideally,
these subroutines are small. When a given subroutine gets too
big, part of it is pulled out and made into a separate
subroutine. In this way, each subroutine is small enough to be
understood, improved, tested, and, later in the life of the
program, modified.

A subroutine can-be either a procedure, which is called in a
procedure-call-statement, or a function, which returns a value
and is used in a formula.

Here is an example of a procedure:

PROC RETRIEVE(CODE:VALUE)?
BEGIN
ITEM CODE U;
ITEM VALUE F1
VALUE - -99999.;
FOR 10 BY 1 WHILE I1000;

IF CODE - TABCODE(I),
BEGIN
VALUE - TABVALUE(I);
EXITt
END

END
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